Introduction
Soil is one of the most important hosts which influence various biogeochemical and microbial processes. Traditionally, maintenance of soil health in Indian farming was based on animal wastes from farm especially cattle to replenish organic content. Reformation of Indian agriculture under green revolution in the late 1960s [1] and white revolution that began in 1970 [2, 3] has raised food and dairy production, which aided millions in India and made it self-sufficient and food secure. But usage of chemical fertilizers and pesticides has led to decrease in organic content of soil taking a heavy toll on the environment and other useful flora-fauna [4] . This resulted in poor soil health, less crop yield and overall economic loss to farmers. Therefore, it is pertinent to develop faster and efficient Organic Manures (OM) by improving traditional approaches of organic farming by incorporating latest biotechnological that can compete and curtail the use of their synthetic counterparts.
For example, organic fertilizer like Kunapanjala [5] , has been successfully used in the state of Sikkim, India, which was officially declared an "organic state" previous year. Yet in many other parts of India, unprocessed animal waste such as cow dung is directly applied to the field which maintains soil health but does not provide yield comparable to synthetic fertilizers. Therefore it is important to produce OM, for modern farmers that have a short processing time, efficient and high yield providing qualities such as Panchagavya and Jeevamrut [6] [7] [8] that has met with decent success in West and South Indian states, which are prepared by fermenting cow dung and urine. Recently, we performed metabolomic analysis and have identified the various biochemical's that make these OM efficient for agriculture purposes [6] . Although very efficient, these OM are used by a small percentage of the farming communities' i.e. 650,000 hectares [9] in a total arable land of 160 million hectares [10] . This is because of several short-comings such as: preparation time (10-30 days); manual mixing (laborious and expensive); undesirable results and off-odors (if not mixed properly) causing farmers to abandon organic farming practises and reverting to synthetic fertilizers that are readily available and easy -to-use.
Hence, the need of the hour is to develop technology and strategy for preparation of OM which will overcome all the above mentioned short-coming sand increase farmer's revenue. To incorporate all these benefits it is necessary to develop model wherein, cattle farms have an electrically driven fermenter, installed to produces the above mentioned OM in 7-10 days. Such an agronomic model should incorporate various social and cultural values for successful rural development. In this review, we consider various factors in rural India and the prospect of socio-commercial system that can benefit the rural farming society at large.
Abstract
India experienced major success in agriculture productivity, post-green revolution, due to use of fertilizers. Around the same time, operation flood made India from a milk-deficient to highest producer by introducing exotic breeds. These approaches resulted in food and milk security but at a cost of decrease in soil health and loss in animal farming especially indigenous breeds of cattle. Since few years, educated medium land holding farmers have adopted organic farming practises. But, the supply of high quality organic manures remains a bottle neck in many sectors. It is therefore necessary to highlight the importance of combining organic-and cattle farming to the rural folk by introducing socio-commercial models based on modern biotechnological processes that can convert animal wastes into high quality manures on a mass-scale that can be efficiently marketed in the rural areas. Such practise will make small and medium land holding farmers adopt cattle farms, which will in turn be an epicenter for rural development by constant supply of manures to the farmers at a reasonable price. Therefore, we briefly highlight the impact of farming revolutions and the problems faced by farmers in India. Our analysis of the total cattle waste in India and the area of arable land, we highlight the possibility of organic farming across the nation. By utilizing readily available raw materialist is possible to accommodate socio-commercial model that can result in revenue generation by combining organic-and animal-farming practises for agronomic and rural development.
Cattle rearing hold a very significant religious and cultural value in Indian farming society. It is revered as an esteemed practise but two major agricultural revolutions have negatively impacted it.
Impact of green revolution: Before the green revolution and introduction of chemical fertilizers, animal farming was an important mainstay of agricultural activities, which maintained the organic content of soil. This is chiefly expressed as the C:N ratio, such as soil condition, the nature of applied organic manure and the crops that were cultivated. Farmers resorted to adding animal dung and mixed/inter cropping to maintain a steady balance of C:N ratio of 20:1 as suggested by the Indian council of agricultural research [11] . But now, with the extensive use and ease in the availability of synthetic fertilizers, farmers abandoned their sizeable live stocks, which indirectly resulted in gradual decline of organic content of soil over many decades.
Impact of operation flood: Operation flood helped to improve the scenario of dairy farming in India but caused gradual decrease in the rearing of indigenous cattle. Interestingly, the Indian breeds are resistant to drought; consume less water and feed, which result in lower yield of milk. Typically, an average Indian cow provides milk ranging from 5 to 15 L/day, though some well-maintained breeds can provide up to 20 L. But, dwarfs in comparison with the exotic varieties like Jersey and HolsteinFriesian, which produces 20 L/ day on average. To increase milk capacity, the administration encouraged farmers to rear the exotic species of cows which caused major loss in the biodiversity and population of indigenous cattle breeds [3] . As of now, it is estimated that India has 190 million cows out of which only 33 million account for the 37 indigenous breeds [12, 13] . In the last 16 years, India has experienced 4 periods of drought. These episodes caused farmers to rear indigenous breeds of cows because of their drought tolerance quality and moreover the success story of Brazilian farms rearing high milk-yielding Indian cattle varieties encouraged them to follow their footsteps.
Is It Possible to Cultivate The Entire Nation Solely by Organic Farming?
India has a total of 328.7 million hectares of land and is the second largest country after the United States of America in total arable land. Estimates suggest that 160 million is arable, but only 95 million is utilized [10] . It highlights a major agricultural concern of under-utilization of nearly 33.33% of the arable land. This raises a very important question, i.e., is it possible to apply the organic farming technology to the entire arable land in India?
Let us perform a simple calculation considering that a cattle produces 10Kg of cow dung, therefore 37 million cattle will produce 370 million Kg of dung daily. Assuming soil of 1% organic carbon (OC), this is usually enriched in the top soil 0-10 cm (0-0.1 m; also called humus layer) with a bulk density of 1.4 g/cm 3 . One will require adding 10,000 x 0.1 x 1.4 = 1.44 tonnes Kg of organic carbon per hectare (10,000m 2 ). Generally, cattle waste contains ~ 15% OC [14] . Therefore, one needs to add 93.24Kg of cow dung to get a soil of 1% OC content; for 160 million hectares, a total 14,918 million (~ 15 billion) Kg of dung will be required. By only using cow dung from indigenous varieties, soil application is possible every 40 days assuming 100% utility of the organic matter. But if we were consider the entire cattle population of 190 million then the application rate would be weekly. Cow cattle are the third largest milch animal across India, which would imply that the total animal waste generated should suffice for regular application on all arable plots.
But what are The Problems Faced by the Farmers in Using Agricultural Wastes?
Animal dung represents complex undigested material that is broken down into simple biochemical and metabolites gradually over a period of 3-6 months, whereas chemical fertilizers are ready to use. Furthermore, it may contain harmful pathogens that may prove to be life threatening [15, 16] .
Apart from this, several policy making bodies have advocated usage of chemicals for over 5 decades due to which the current generation of farmers have lost traditional farming knowledge and practise are not willing to take up organic farming because it is labor intensive and cumbersome. Lastly, poor education and awareness of farmers have played a major share. For instance, China adopted and practised biogas technology [17] , whereas the rest of the world moved towards green revolution. With this, China not only benefited from harvested of gas-energy but also used OC rich slurry, which is processed manure devoid of pathogens, for farming purposes along with judicial use of chemical fertilizers.
Socio-Economic Model
The socio-economic situation amongst Indian farmers is rather heterogeneous. More than 60% are small land holders (1-3 acres of land), 19% fall into the medium land holders (4-9 acres) and 7% are large farmers (< 10 acres). Landholding size and governmental initiatives are important factor determining motivation and agriculture as a good [18, 19] source of income. In many cases, middle and large scale farmers have other sources of revenue [19, 20] apart from farming. The larger farmers prefer any farming technology and inputs that increase their crop yield, but it is the middle scale educated farmers and to some extent small scale farmers who practise organic farming. Small land holding farmers on the other hand are heavily dependent [19, 20] on the outcome of their yield and hence are not willing to take up organic farming practises. Therefore, it is important to develop socio-commercial models that will encourage them to adopt organic farming practises, reduce their spending and improve their livelihood.
A very important criterion in rural development is selfsustenance, which is reflected by the agricultural output and index above poverty line. The cost of chemical farming is directly related to petroleum costs, which has increased considerably since 1960s. Recently, with fluctuating oil prices, low outputs due to poor soil health and insufficient animal farming; we need to develop cost-effective alternatives and newer commercial models. It is therefore essential to integrate livestock management and cropping together for sustainable and profitable farming, especially for poor farmers in rain-fed regions [21, 22] .
One such socio-commercial model is suggested for massproduction of OM described above [6] [7] [8] in a cooperative manner among farmers taking into account readily available raw materials ( Table 1 ). The OM that requires fermentation periods of 14-30 days by manually mixing of the contents can be converted by installing electrically driven fermenter. This reduces manual labour and preparation time to 4-7 days, resulting in increased production of up to 4 and 2.5-5 folds in time and volume, respectively.
In order to highlight, the profitability of such a model system, we first calculated the costs associated with requirements (Table  1 ) and the revenue generation scheme (Table 2 ) based on current pricing. We assumed a small cattle farm of 30 animals that produces 10Kg of dung and 2L of urine per day by an animal. In such a small setup it is possible to generate up to 270,000INR (~ 4,000USD) per month. Assuming high spending of 2,000USD for maintenance, one is left with remaining 2,000USD. In India, cattle farms are highly revered due to religious sentiments amongst majority of Indians. Such a socio-commercial model ( Figure 1 ) will lead to revenue generation and permit rural development programmes that include farmers meet, education and women empowerment.
On similar lines, one such project is Venu-Madhuri (VM) in Kolhapur district, India, where 5 different villages pool their resources. In this socio-commercial model, farming and women empowerment is encouraged via cattle farming. Cattle dung-and urine is procured and managed to produce a variety of commercial products such as soaps, incense sticks, ayurvedic medicine etc., along with energy generation and organic manure preparation. Unlike the idea mentioned above for mass-production and revenue generation, VM focuses on "Production by masses rather than mass-production".
Perspective-Good Practise Leads To Good Results
We have emphasized on the importance of cattle and organic farming as a profitable alternative to curtail use of chemical fertilizers. But our environment is already contaminated with various hazardous chemicals, out of which usage of pesticide, Dichlorodiphenyltrichloroethane (DDT) and their effects has been well documented [23] . In one of our studies, we noticed contamination of OM with chemical pesticides, most likely via cattle fodder. Farms that have been rigorously using organic farming practises since the last 14 years also had low level of chemical pesticides [6] , this highlights the potential problems of obtaining residue free farming practise altogether. Regardless, in order to have a clean green initiative, one will have to start from base line, i.e. organic cultivation and feeding of fodder crops in chemical free environment, and thus obtaining organic-chemical free cow dung and urine (Figure 2 ). Such practises, where livestock management and agriculture can result in improving economic situation of poor farmers [21, 22] , should be encouraged. Moreover, when farming communities come together in the form of cooperative societies to maintain livestock and produce OM in 
